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Differential cell counts of bronchoalveolar lavage (BAL) have been reported in nomnal children but 
few data on cellular profiles in bronchial diseases in childhood are available. We determined the BAL 
cell profiles of 72 children divided into 5 groups: asthma (n = 14), chronic cough (n = 12), infantile 
wheeze (n = 26), cystic fibrosis (n = 10), and control (n = 10). The highest total cell, eosinophil, and 
neutrophil counts were found in children with cystic fibrosis. The cell profile of children with chronic 
cough was similar to that of control children. Asthma and infantile wheeze were characterized by a 
high median ratio of eosinophils (3%) and neutrophils (12%), respectively. In both diseases, epithe- 
lial shedding was suggested by an elevated epithelial cell count, 13.5 and 12%, respectively. Lympho- 
cyte subset analysis showed a higher proportion of CDS cells (58 versus 40%) and therefore a lower 
CD4/CD8 ratio (0.266 versus 0.455) in children with asthma compared with infantile wheezers (p = 
0.02). Irrespective of the presence or absence of radiological abnormalities, a proportion of neutro- 
phils > 10%, was found in one-third of the children with asthma and in half of the infantile wheezers, 
and was related to symptom severity. We suggest that neutrophil-mediated inflammation, with or< 
without bacterial infection, may contribute to symptoms of asthma in childhood.^ Chronic cough, . . 
however, is not associated with the cell profiles suggestive of asthma and in isolation should not be - 
treated with prophylactic antiasthma drugs. Marguet C, Jouen-Boedes F, Dean TP, Wanner JO. 
Bronchoahreolar cell profiles in ehildren with asthma, infantile wheeze, chronic cough, or 

cystic fibrosis. am J RESPIR out care IMIED 1899;1S9:153S-1540. 



Flexible fiberoptic bronchoscopy has become an important 
tool in the investigation of infants and children with airway 
diseases (1), and the main clinical indications are now well de- 
fined (2). Bronchoalveolar lavage (BAL) is a routine part of 
the procedure, primarily for microbiology but also to study 
ceDular and noncellular factors associated with inflammation. 
In adults, BAL studies have improved the understanding of 
the pathophysiology of bronchial diseases and particularly 
asthma (3). BAL cell profiles have been defined in children 
with nonpulmonary illness (4-6) and in infants who under- 
went fiberoptic bronchoscopy for stridor or follow-up obser- 
vation after the removal of a foreign body (7) . However, rela- 
tively few data are available on the characteristics of BAL 
from children with asthma (8-12) or infantile wheeze (8, 9). 
To elaborate further on the pathophysiology of wheeze in 
childhood, we have conducted a study to determine the cellu- 
lar profiles of BAL from children with a range of respiratory 
symptoms and signs, who needed bronchoscopy for clinical 
reasons. The cytologic findings have been assessed in relation 
to the microbiological, clinical, and radiological data. 
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METHODS 

Subjects ' * 

Fiberoptic bronchoscopy was performed on 72 children divided into 5 
groups with regard to age and diagnosis. Members of the first group 
(n = 14, 4-15 yr) were asthmatic (A) . with a history of recurrent wheez- 
ing and dyspnea attacks with proven P2-agonist reversible air flow limi- 
tation. The children in group CC (n = 12, 10 mo- 13 yr) had isolated 
chronic cough, which has been suggested as a potential symptom of 
asthma (13). The third group (n = 26. 5-46 mo) consisted of infantile 
wheezers (W). AU had at least three successive episodes of wheeze and 
cough during viral infections. The fourth group (CF) consisted of 10 
children with cystic fibrosis (2.5-15 yr). All but one had a Shwachman 
score (SC) between 85 and 95. and FEVi higher than 75% of the ex- 
pected value. One of the two children colonized with a Pseudomonas 
sp. had severe disease (SC. 68; FEVi. 49%). Members of the final group 
(C) acted as controls (n = 10, 1.5-15 yr). These children had no identifi- 
able lower airway disease. Written informed consent was obtained from 
the parents and the additional use of lavage specimens for research pur- 
poses was approved by the hospitals' ethics committees. 

Clinical history of the chest disease, family history, allergy data, 
and chest radiographic features were recorded for each patient. Skin 
prick tests were routinely performed on children in groups A, CC, and 
W. The bronchoscopy indications are reported in Table 1. Ail of the 
children with CF had unsatisfactory clinical outcomes, and underwent 
the endoscopy in order to have a clear-cut microbiologic diagnosis. 
Twenty-nine children, including 3 with CF. had received inhaled ste- 
roids for at least 1 mo preceding the investigation and 2 with CF were 
receiving oral steroid (prednisolone, 1 mg/kg/d). We classified the pa- 
tients of the groups A. CC, and W in accordance with existing symp- 
toms (night cough, wheezing or dyspnea) at the time of bronchoscopy. 
The seven asymptomatic patients (SO) were defined as children with- 
out any symptoms for at least 1 mo before and after the fiberoptic 
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TABLE 1 

INDICATIONS OF FIBEROPTIC BRONCHOSCOPY IN 72 CHILDREN 







CC 


W 


c 


CF 


Total 


Radiological abnormalities 














Persistent parenchymal shadowing: 


7 


3 


8 


— 


— 


18 


Asymmetrical lung fields: 


1 


— 


4 


— 


— 


5 


Bronchial thickening*: 


4 


5 


8 


— 


— 


17 


Suspected malformations 














Upper ainA/ays: 








5 




5 


Intrathoracic ainvays: 






1 


2 




3 


Unexplained symptoms and signs 














Failure of treatment: 


3 


2 






12 


Uncertain etiology": 


2 


5 


4 






11 


Suspected tuberculosis: 








1 




1 


Psychogenic cough: 








1 




1 


Stridor 






2 


1 




3 


Hemoptysis: 


1 


1 








2 


Uncontrolled exacert>ation: 










10 


10 



Definition of abbreviations: A = asthma: C - control: CC - chronic cough; CF = cys- 
tic fibrosis; W = infantile wheeze. 

* Associated with another Indication in all of the children but one with a chronic 
cough. In whom bilateral bronchial thickening was marked. 

* Associated in two cases with persistent radiological abnonnalitles. 

" Suspected extrinsic allergic alveolitis (n - 4). kx:ali2ed wheezing (n = 1), and un- 
explained symptoms (n = 6). 



bronchoscopy. There were 13 children who suffered from at least 
weekly respiratory symptoms (S2)» significantly affecting their quality 
of life (sleep, behavior, exerdse tolerance, and school attendance). 
The remaining 32 symptomatic (SI) children had exerdse-induced 
symptoms or mild to moderate exacerbations, with little effect on 
their quality of life. The children treated with inhaled steroids (5 in SO, 
15 in SI. and 10 in S2) were not significantly different from each other 
(^2 = 4.47. p = 0.132). 

Bronchoscopy Procedure 

All children were admitted to day ward and transnasal fiberoptic 
bronchoscopy (Olympus [Norwood. MA] BF 3C20 and Olympus BF 



PIG in the older children) was perfomed with monitoring by continu- 
ous oximetiy and clinical evaluation. Premedication consisted of in- 
tramuscular atropine sulfate (0.01 to 0.02 mg/kg. and less than 1 mg) . 
midazolam, and pethidine (14). Topical anesthesia of the upper and 
lower airways consisted of lidocaine, 2 and 0.5%. respectively. The 
bronchoscope was wedged in a segmental bronchus, the site depend- 
ing on the chest radiographic abnormalities, most often in the right 
middle lobe. Aliquots of 10 ml of warmed sterile 0.9% saline solution 
were injected and aspirated, using suction. The total volume (3 ml/kg) 
varied from 20 to 60 ml according to the age and tolerance of the pa- 
tient. The liquid recovered was pooled in a fresh sterile vial and di- 
vided into aliquots. To prevent possible contamination from the upper 
airways, no suction through the bronchoscope was used until the tip 
was wedged in the relevant segmental bronchus. 

Microbiological Analysis 

Quantitative cultures were carried out for growth of common aerobic 
agents such as Haemophilus influenzae. Streptococcus pneumoniae, 
Moraxeila catarrhalis, Streptococcus spp., and Escherichia coll Sta- 
phylococcus aureus and Pseudomonas spp. were specifically sought in 
the CF group. A significant result was defined as growth > itf CFU/ml. 

Cell Counts 

The imfiltered lavage fluid was centrifuged for 10 min at 1.800 rpm at 
4° C. The pellet was resu^ended in phosphate-buffered saline (PBS. 
5 ml) containing 10% fetal calf serum. The total cell count was per- 
formed using a hemocytometer. Viability was assessed by the tiypan 
blue exclusion test. Differential ceU counts were carried out on Cyto- 
spin (Shandon. Pittsburgh. PA) slide preparations stained with May- 
GrOnwald-Giemsa At least 2 slides and 200 cells were counted for 
each subject. • ^ 

Immunofluorescence 

Samples were analyzed by two- or three-color flow cytometiy, using the 
following antibodies: CD3-PECy5 (Caltag Laboratories. San Francisco. 
CA); and CD8-FITC (fluorescein isothiocyanate). CD19-FITC. CD4- 
PE (jphycoerythrin), and CD2-PE (Coulter Immunology, Hialeah, FL). 
Briefly, cells were resuspended to lOVml and 100 jjJ of BAL cells was in- 
cubated with antibody for 20 min at room temperature. The suspension 



TABLE 2 

CHARACTERISTICS OF THE 72 CHILDREN STUDIED 

A CC W C CF 

(n =74) (n = 72) (n = 26) (f? = 7C) (n = 70) 



Age (mo), 



median and range 


85(50-180) 


51.7 (10-143) 


24 (5-48) 


97.8 (17-190) 


78.5(32-11 


Age at onset (mo). 












median and range 


23 (1-150) 


40.9 (1-140) 


5.5 (1-30) 






Sex ratio, M/F 


11/3 


10/2 


13/13 


5/5 


4/6 


Familial asthma history. % 


50 


33 


34.5 


30 


0 


Familial allergy history. % 


36 


50 


38.5 


10 


10 


Atopic dermatitis. % 


36 


25 


11.5 


0 


0 


Positive sicin test. % 


47 


50 


36* 






High total IgE level, % 


43 


8 


30 




40 


Proved allergy, % 


50 


25 






40' 


Symptom score, SO/SI /S2 


4/8/2 


0/9/3 


3/15/8 






Inhaled steroids 


8 


4 


17 




3 -f 2^^ 


Positive BAL culture/available 


4/12 


7/9 


13/23 


2/10 


9/10 


Haemophilus influenzae 


1 


3 


7 


2 


3 


Streptococcus pneumoniae 


1 


2 


1 


1 




t\Aoraxetta catantialis 


2 


1 


3 






Streptococcus spp. 


2 


4 


5 


1 




Escherichia coli 






1 




1 


Pseudomonas spp. 










1 


Staphylococcus aureus 










2 


Aspergillus fumigatus 










3 



Definition of abbreviations: A = asthma; C = control; CC = chronic cough; CF = cystic fibrosis; W = infantile wheeze. 

* Data available in 14 infants. 

* ABPA. 

Two of the five children received oral steroids. 
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TABLE 3 

BRONCHOALVEOLAR CELL PROFILES OF 72 CHILDREN WITH OBSTRUCTIVE DISEASES* 







\^ni unic 


inioruiic 








nail II 1 la 


Cough 


V V 1 ICC£t« 


Pnntml 


Fibrosis 




in — 1A\ 




\n — £0) 




(n — im 


Viability, % 


65 [54-72] 


56 [38-631 


61 [50-76] 


70 [51-79] 


55 [51-72] 


Total cells. 












lOVml 


0.521 [0.400-0.700] 


0.630 [0.403-0.986] 


0.705 [0.291-0.930] 


0.490 [0.410-0.560] 


1.015 [0.692-1.460] 


Epithelial cells. 












10^/ml 


0.080 [0.031-0.140] 


0.058 [0.028-0.084] 


0.044 [0.014-0.164] 


0.25 [0.013-0.07] 


0.078 [0.015-0.177] 


Lymphocytes, 












10^/ml 


0.299 [0.02-0.056] 


0.025 [0.02-0.069] 


0.025 [0.006-0.092] 


0.031 [0.016-0.046] 


0.088 [0.046-0.102] 


Macrophages, 










0.625^^* [0.381-0.756] 


10^/ml 


0.342 [0.217-0.490] 


0.434 [0.227-0.599] 


0.252 [0.008-0.440] 


0.348 10.271-0.386J 


Neutrophils, 










0.265^^ [0.168-0.448] 


lOVml 


0.016 [0.005-0.719] 


0.041 (0.008-0.057J 


0.039 [0.009-0.278] 


0.013(0.008-0.018] 


Eosinophils, 










0.023*5> [0-0.081] 


lOVml 


0.01 3** [0-0.047] 


0 [0-0.004] 


0 [O-O.005J 


0 [0-0.005] 


CD4^ 


16(8-26) 


18 (2-22.5) 


22.3 (1-58) 






CDS' 


42 (4-48) 


42 (4-48)^" 


40.5 (7.3-67) 






CD4/CD8 ratio' 


0.266* (0.177-0.833) 


0.428 (0.349-0.826) 


0.455 (0.09-4.83) 






GDI 9' 


2.2 (0.5-35) 


6.5 (2.1-37) 


4.5 (1-18) 







* Data are expressed as median and [25th-75th quartile] or (range). 
^ p < 0.05 compared with children with asthma. 

* p < 0.05 compared with infantlte wheezers. 
^ p < 0.05 compared with controls. 

I p < 0.05 compared with children with chronic cough. 

' Lymphocyte sut)sets were available In 9 children with asthma. 5 children with cough, and 16 infantile wheezers. 



was then treated with red blood cell lysing solution (Q-Prep; Coulter Im- 
munology). Using an EPICS-ELITE flow cytometer (Coulter Electron- 
ics, Hialeah, FL) equipped with a 15-mW argon laser, the cell surface 
markers were anafyzed until 3,000 lymphocytes were coimted. 

Data Analysis 

Cell counts were expressed as lO^/ml or as a percentage of total cell 
counts (including the epithelial cells). Results are presented as means 
and standard deviation (± SD) as well as medians and interquartile 
ranges [25th to 75 th]. 

Statistic Analysis 

Correlations were made with Spearman's two-tailed rank correlation 
(Rho) in addition to Pearson's linear regression two-tailed analysis (r). 
Multiple linear regression analysis was used to study the relationship 
between total cell and diflerential cell coimts. When applicable, differ- 
ences between two groups were determined using the nonparametric 
Mann-Whitney U test. Differences between more than two groups 
were estimated by variance analysis (Kruskall-Wallis test) and by non- 
parametric tests. A p value of less than 0.05 was considered significant 

RESULTS 

Patient characteristics are summarized in Table 2. The CC 
group had a notably high frequency of atopic family history and 
positive allergy skin prick tests. Preprocedure salbutamol nebu- 
lization was prescribed for 23 patients and four infants under- 
went the bronchoscopy while receiving oxygen supplementa- 
tion (1 L/min) via a nasal cannula. Overall, the tolerance of the 
procedure was good. Four children had transitory hoarse cough 
and two others needed salbutamol nebulization after the proce- 
dure. No fever was reported. The mean (± SD) recovery of 
BAL fluid was 49 ± 19% and no difference was found between 
the groups. We found no difference in BAL fluid recoveiy with 
age and no relationship between cytology findings and age. 

Differences between the Cell 
Profiles of Each Group 

Viability and differential cytology results are summarized in 
Table 3. The greatest total cell number was in children with 



CF (Figure 1), in which the increase in the total cell number 
was proportional to a significant rise in both polymorpho- 
neutrophils (PMNs) (r = 0.801. p = 0.004) and alveolar mac- 
rophages (AMs) (r = 0.615. p = 0.05). Eosinophils clearly 
characterized asthma (Figure 2) and were rare in infantile 
wheezers. They were found in 64% of children with asthma 
compared with 27% of infantile wheezers (p = 0.04) and 25% 
of children with chronic cough (p = 0.06) . High percentages of 
eosinophils were also found in children with CF, which could 
be explained by the presence of allergic bronchopulmonary 
aspergillosis in four of them. Neutrophils were increased in 
children with CF but also in one third of the children with 
asthma and in one-half of the infantile wheeze (Figure 3). We, 
however, distinguished two distinct, equivalent subpopulations 
of infantile wheezers composed of 13 children with a propor- 
tion of neutrophils < 10% and 13 subjects with a high propor- 
tion, ranging from 16 to 80%. 

The macrophage ratio in controls was similar to that in the 
chronic cough group but higher than in the asthma and infan- 
tile wheeze groups (Figure 4) . A high epithelial cell ratio, sug- 
gestmg epithelial shedding, was found in half of the infantile 
wheezers and in half of the children with asthma, who differed 
significantly from children with CF. No variation in the lym- 
phocyte and basophil ceU counts was found between any of 
the groups. Medians [25th-75th quartiles] of lymphocyte per- 
centages were as follows: 6.5 [4-10] in asthma, 6 [4-8.5] in 
chronic cough, 8 [4-9] in infantile wheeze, 7 [5-8] in controls 
and 7 [4-7.5] in CF. Basophils were detected (1% of total 
cells) in two children with asthma, two with chronic cough, 
and two infantile wheezers. No key cell type was observed in 
the chronic cough group, for which the cell profile appeared 
similar to that of the control group and, therefore, distinct 
from both asthma and infantile wheeze groups. 

The influence of steroids was studied by comparing the to- 
tal and differential cell counts between the treated and un- 
treated children in the groups, when such a statistical analysis 
was possible (asthma, infantile wheeze, pooled A-CC-W group, 
and cystic fibrosis). The median [25th-75th quartile] lympho- 
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Figure 7. Total cell numbers In children with asthma (A n = 14), 
chronic cough (CC. n = 12). infantile wheeze (W,n = 26), and cys- 
tic fibrosis (Cf, n = 10) and In control children (C, n = 10). Hori- 
zontal bars indicate the median for each group of patients. 
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Figure 2. Eosinophils as a percentage of total cells In children with 
asthma {A, n = 14), chronic cough (CC, n = 12), Infantile wheeze 
(W, n = 26), and cystic fibrosis (CF, n = 10) and in control chil- 
dren (C, n = 10). Horizontal bars indicate the median for each 
group of patients. 



cyte ratio in CF was higher in children receiving steroids than 
in those not receiving steroids: 7 [7-9] and 4 [3-5]% (p = 0.018), 
t respectively. A difference in the other groups was found nei- 
j ther in total cell counts nor in differential cell counts. Consid- 
ering the key cell types that wie individualized, medians [25th- * 
75th quartiles], in treated and untreated children, of the eosin- 
ophil ratio in asthma were 2 [0-5] and 4 [0.5-12.5]% (p = 
0.321) and of the neutrophil ratio in infantile wheeze were 12.5 
[4 to 52.5] and 8.5 [2-50]% (p = 0.781), respectively. 

Microbiological Culture 

The proportions of cultures positive for the most commonly 
encotmtered bacteria are shown in Table 2. The number of 
positive BAL cultures was significantly greater in the chronic 
cough and infantile wheeze groups compared with the control 
group (p = 0.02). Two patients in the control group had unex- 
pected positive BAL cultures but did not have any macro- 
scopic evidence of lower airway inflammation or elevated neu- 
trophil numbers. We believe this represents the false-positive 
bacterial culture rate of BAL using our technique in small chil- 
dren. Despite our best efforts, occasional contamination from 
the upper airway is inevitable. The neutrophil ratio was signifi- 
cantly higher when combined BAL cultures (i.e., representing 
children with asthma, cough, and infantile wheeze) were posi- 
tive than when BAL cultures were negative: 26 ± 7 and 12 ± 
4% (p = 0.014), respectively (Figure 5). Among wheezing in- 
fants alone, a low neutrophil ratio (< 10%) was more frequent 
in the negative BAL culture group than in the positive BAL 
culture group: 75 versus 33% (p == 0.057). respectively. 

Influence of Persistent Radiographic Shadows on 
Neutrophil Counts and BAL Cultures 

Those children with asthma, cough, or infantile wheeze, and 
having persistent radiological abnormalities, are listed in Ta- 
ble 1. For the analysis, chest X-ray features were classified in 
three groups: normal (n = 12). persistent parenchymal shad- 



owing (n = 18). and others (n = 22). No significant difference 
between these three groups was established either in the per- 
centage of neutrophils (12.4 ± 16.3, 20.3 ± 23.8. and 19.6 ± 
27.9%. respectively), or in the number of children with a posi- 
tive BAL culture (44, 64. and 59%. respectively). Further 
analysis of asthma, chronic cough, and infantile wheeze sub- 
populations showed no relationship between the neutrophil 
ratio and the radiological features. A high ratio of neutrophils 
was found in 41% of the infantile wheezers and 37.5% of the 
children with asthma with persistent shadowing. 

Differential Cell Counts and Symptomatic Status In 
Asthma, Chronic Cough, and Infantile Wheeze 

The total cell number and the ratio of neutrophils were re- 
lated to the symptom score (Figure 6). The children with more 
severe disease had a higher total cell number and the presence 
of symptoms was associated with an increase in neutrophils. 
Covariate analysis showed that this relationship between the 
PMN ratio and symptoms was independent of the radiological 
features (p = 0.540). 

Lymphocyte Subpopulations 

Lymphocyte subpopulations were analyzed in 9 children with 
asthma. 5 children with chronic cough, and 15 wheezing in- 
fants (Table 3). The median (range) values of the CD2 and 
CD3 percentages were as follows: 84 (57-95) and 78.5 (63- 
81.4) in asthma, 65.6 (48-83.5) and 56 (49-63) in chronic 
cough, 76 (14.4-94) and 78 (10.5-90) in infantile wheeze. The 
ratio of CD8'*" cells was higher in children with asthma (p = 
0.027) than in wheezing infants. The cell surface markers were 
not related to age, symptom score, or treatment with steroids. 

DISCUSSION 

In this study, we present cell profiles of BAL fluid from in- 
fants and children with asthma, infantile wheeze, or chronic 
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f/gi//v 3. Neutrophils as a percentage of total cells in children with 
asthma (A n = 14), chronic cough (CC, n = 12), infantile wheeze 
(W, n = 26), and cystic fibrosis (Cf, n = 10) and in control chil- 
dren (C n = 10). Horizontai bars indicate the nnedlan for each 
group of patients. 
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Figure 4. Macrophages as a percentage of total cells In children 
with asthma (A n = 14), chronic cough (CC, n = 12), infantile 
wheeze (l/l^, n = 26). and cystic fibrosis (CF, n = 10) and in control 
children (C, n = 10). Horizontal i^rs indicate the median for each 
group of patients. 



cough. Children with cystic fibrosis and another group of chil- 
dren with no obvious lower airway disease, in whom a differ- 
ent pathophysiology was expected, were also studied. We ad- 
Justed the bronchoalveolar lavage volume to body weight, 
which has been shown to yield a constant fraction of epithelial 
lining fluid in healthy children (6. 15), and the results were ex- 
■ pressed per milliliter of the recovered fluid (3). We chose not 
to use dilution markers, as they depend on the procedure and 
have been considered unreliable in stable asthmatics or when 
the epithelial permeability was likely to be modified by in- 
flammation (16). The recovery of BAL fluid in our study was 
lower than those reported in healthy children (4-5) but similar 
to some studies (10-12) and rather better than the 30% yield 
from nonbronchoscopy-obtained BAL in wheezy children (8). 

The processing of bronchoalveolar lavage should also be 
considered when cellular components are analyzed or com- 
pared with data from other research groups. The site of the la- 
vage does not modify the cytology findings (7) . On the other 
hand, total cell and neutrophil counts vary depending on 
whether the first aliquot is included or discarded (5. 17). Epi- 
thelial cell counts are known to be underestimated when BAL 
fluid is subjected to gauze filtration (18). As this study con- 
cerned children with chronic bronchial diseases, in which epi- 
thelial cells might be involved, we opted to use no lavage fil- 
tration and pooled the aliquots (6, 16). Therefore, as found by 
Heaney and co-workers (6), we reported high percentages of 
epithelial cells and a relative poor overall cell viability in com- 
parison with those established in other studies. The differen- 
tial counts have been suggested to be related to age (4, 7), but 
in accord with other studies (5, 6) we found no relationship be- 
tween age and differential counts, which depended on the un- 
derlying disease. 

AH groups that we studied were characterized by a higher 
total cell number than in healthy children (Table 4) and by a 



constant lymphocyte ratio, which was comparable to those re- 
ported in healthy children (4) and infants v^th miscellaneous 
airway diseases (7). Although our control group comprised 
children in whom fiberoptic bronchoscopy was justified by 
respiratory problems, the median differential cell counts were 
close to those found in pooled BAL from healthy children (6). 
We demonstrated that asthma in childhood is characterized 
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Figure 5. Neutrophils as a percentage of total celts In relation to 
microbial colonization of BAL In control children and children with 
asthma, chronic cough, and infantile wheeze (open c//c/es) and in 
children with infantile wheeze (solid circles). Horizontal bars indi- 
cate the median for each group of patients. 
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Figure 6. Neutrophil ratio and total cell numbers in relation to the 
severity of symptoms in 52 children with asthma, chronic cough, 
or infantile wheeze. SO (n - 7), a^mptomatic in the nranth before 
and after bronchoscopy lavage; 57 (n = 32), mild or moderate 
symptoms; 52 (n = 1 3), severe symptoms. Results are expressed as 
box and whisker plots and outlier values are displayed. 



by the presence of eosinophils and a high proportion of epi- 
thelial cells. Recognized as key cells of inflammation in adult 
asthma (3). eosinophils were previously found in BAL fluid 
from children with asthma (Table 4)« but two of the three 
'Studies were conducted after a provocation challenge (10, 12), 
^ In our study, the proportion of eosinophils was independent of 
the severity of the disease and of treatment with steroids. Epi- 
thelial shedding has been considered specific to asthma (19), 
and was suggested by the high epithelial ratio encountered in 
our children with asthma. This ratio was higher than in cystic 
fibrosis, in which neutrophil counts were the highest. This in- 



dicates that epithelial shedding is not necessarily characteristic 
of neutrophil-mediated inflammation. As expected, the cystic 
fibrosis group was distinguished from the other groups by high 
cellularity and neutrophil ratio (20) and, surprisingly, by an el- 
evated ratio of eosinophils, which could be explained in this 
study by the presence of allergic bronchopulmonary asper- 
gillosis (ABTA) (11). However, raised serum eosinophil cat- 
ionic protein levels have been described in patients with CF 
with exacerbation of infection in the absence of ABPA (21), 

The significance of chronic cough, which occurs frequently 
with asthma, depends on whether it is associated with wheez- 
ing (13). We distinguished children with chronic cough and no 
wheezing, in whom the differential cell counts were compara- 
ble to those observed in healthy and control children, imply- 
ing a cellular pathophysiology different from that of asthma. 
Infantile wheezers were a heterogeneous group and some 
would be expected to become asthmatic (22) . As previously de- 
scribed (8, 9). we occasionally found raised eosinophil counts 
but a high proportion of epithelial cells. This suggests that epi- 
thelial damage might occur independent of eosinophilic in- 
flammation. Inhaled steroids had no influence on the cell pro- 
file findings in our study, whereas a decrease in number of the 
recruited lymphoc^es. eosinophils, and mast cells would be 
expected (23). However, numbers were smaU and an antiin- 
flammatory effect cannot be excluded because we did not per- 
form BAL before and after commencing inhaled steroids. 

We compared the lymphocyte subset counts in asthma, 
chronic cough, and infantile wheeze groups with values ob- 
tained in healthy children (5. 24). The number of cells per mil- 
liliter was larger in our study, with three times more lympho- 
cytes in all of the groups. Nonetheless, the rise did not occur in 
the same proportion in CD4"'' and CDS"^ subsets. Conse- 
quendy, in comparison with those determined in healthy chil- 
dren, the CD4/CD8 ratio was* lower. Similar shifts of CD4"^ 
and CD8"^ lymphocytes have been described in asthmatic 
adults (3) , An effect of recurrent viral infections has been sug- 
gested, but this remains unclear (25, 26): we showed a higher 
proportion of CD8''' cells in wheezing infants, whereas syncy- 
tial respiratory virus is known to increase the CD4/CD8 ratio 
in BAL fluid (27). 



TABLE 4 

BRONCHOALVEOLAR CEU PROFILES OF CHILDREN IN OTHER STUDIES* 

First Percentage Viability Total Ep. 



Population 


Ref. 


n 


Aliquot 


of Recovery 


(5^0 


Cells 


AM 


PMN 




Eo 


Cells 


Healthy children^ 


4 


48 


D 


58± 15 


78 


73 


64 


1 


10 




















(84) 


(0.9) 


(12.5) 


(0.2) 






5 


18 


D 


65 


94 


155 


120 


2.3 


9 


0.1 


0.3 
















(91) 


(1.7) 


(7.5) 


(0.2) 


(0.3) 




6 


55 


P 


35 ±1.4 




95 


(70) 


(3.2) 


(3) 


(0.09) 


(13.4) 


Control Infants^ 


7 


16 


D 


43 ±3 




510 


(87) 


(3.5) 


(7) 


(0) 






9 


7 


D 




74 


300 


(91) 


(0.8) 


(4) 


(0) 


(2.1) 


Control children* 


11 


24 


D 


30-60 


90 


5.2* 


(89) 


(4.2) 


(3.9) 


(0.7) 


(2) 


Children with asthma* 


11 


15 


D 


30-60 


89 


2.3« 


(31) 




(5.6) 


(4.8) 


(3.3) 




10 


22 


P 


38 




144 


113 


18 


5 


7.7 






12 


17 


P 


41 




176 


148 


5.9 


5.1 


16.1 




Children with 
























atopic asthma* 


8 


52 


P 


30 




83 


(71.3) 


(3.5) 


(1.4) 


(1.1) 


(14.1) 


Infantile wheezers^ 


9 


13 


D 




72 


380 


(85) 


(3.2) 


(4.5) 


(0) 


(7.2) 




8 


14 


P 


30 




136 


(53.6) 


(9) 


(2.3) 


(0.2) 


(24/1) 



Definition ofabbnviations: AM « macrophages; D = discarded: Eo « eosinophils; Ep. = epithelial; Ly - lymphocytes: P « pooled; PMN = 

neutrophils. 

* The total number of cells and differential cell counts are expressed as 10^/ml (unless otherwise noted) or as a percentage of total cells 
(indicated in parentheses). 

* Median values are displayed as indicated. 

* Mean values are displayed as indicated. 
' Expressed as 10^/ml. 
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One of the main findings in our study was the increase in 
neutrophils in one-half of the wheezing infants and in one- 
third of the children with asthma. This is different from the 
findings of one study of children with allergy or virus-associ- 
ated wheeze* but techniques and recruitment of subjects did 
differ (8). Although neutrophil counts in adults with airway 
diseases were often similar to those of controls (23). some 
studies have suggested a role for neutrophils in bronchial in- 
flammation (20). As in our study, their recruitment was re- 
lated to the activity and severity of asthma (28, 29) . 

We provided evidence of the contribution of neutrophils to 
the pathophysiology of airway disease by showing a raised 
percentage in the symptomatic children, even when they were 
treated with inhaled steroids. Such a predominance of neutro- 
phils has been attributed to lung infection in children with a 
middle lobe syndrome (30). To a certain extent, our study sup- 
ports the concept that bacterial infections induce recruitment 
of neutrophils to the airways but this occurs irrespective of the 
radiological features. Thus occult bacterial colonization or in- 
fection may be causing the persistence of neutrophils in the 
airway lumen. However, viruses are considered to be much 
more relevant to the pathogenesis of asthma and infantile 
wheeze (31). A predominance of neutrophils has been shown 
in BAL fluid from infants with syncytial respiratory virus 
bronchiolitis (27). Furthermore, bacterial adherence is en- 
hanced by viral infections, which both activate and/or damage 
the epithelial cells (32). 

It is possible that allergen-induced late-phase responses in 
the airways might have contributed to neutrophil recruitment 
(3). Neutrophils may be attracted to the sites of inflammation 
by a range of chemotactic proteins released from a range of 
cells (20). Both high and low molecular weight neutrophil 
chemotactic mediators have been demonstrated to be released 
during allergen-induced responses and also during acute 
asthma (28, 33) . Furthermore, neutrophils do have the poten- 
tial to release a wide range of factors that could contribute to 
the prolonged inflammation and hyperreactivity associated 
with asthma (3, 20. 34). 

Alveolar macrophages are important in the regulation of 
neutrophil recruitment, releasing both neutrophil chemoat- 
tractants (i,e., interleukin 8) and inhibiting factors (20). Thus, 
the macrophages were shown to be activated in cystic fibrosis 
(35) and in infantile wheeze (9). However, the analysis of cel- 
lular components of BAL fluid suggested a different mecha- 
nism of recruitment of cells in cystic fibrosis compared with 
asthma and infantile wheeze. In cystic fibrosis (35), recruited 
macrophages accompanied the rise in neutrophils, both being 
increased early in the first months of life, as soon as bacterial 
infection occurred (36). Conversely, the elevated neutrophil 
number in wheezing infants and children with asthma was re- 
lated to a diminished macrophage number, as previously de- 
scribed in chronic lung disease of prematurity (37). where in- 
fection (38) and neutrophil recruitment were also relevant (39). 

In conclusion, we have shown that obstructive diseases in 
childhood had variations in differential cell profiles implying 
different inflammatory responses. The variation within the 
chronic cough and infantile wheeze groups almost certainly 
reflects the different outcomes in these children, some of 
whom will become asthmatic. However, the children with 
chronic cough were in general indistinguishable from controls 
in relation to cell profiles. This suggests that the majority are 
not destined to be asthmatic and should not be treated by anti- 
asthma prophylaxis. We have demonstrated that neutrophils 
played a more prominent role in childhood wheezing illnesses 
than is suggested by adult studies, and this was associated with 
more frequent bacterial airway colonization. Whether pro- 



cesses other than bacterial infection, such as virus infection or 
allergic responses, contribute to neutrophil recruitment re- 
mains to be established. However, it does raise the question 
as to whether antibiotics might contribute to the management 
of early wheeze. We do not know whether the persistence 
of neutrophils in the intralumenal airways contributes only 
to current symptoms or to the subsequent development of 
asthma. Study of BAL fluid in children with evolving airway 
diseases is improving our understanding of immunopathology. 
but follow-up of the children investigated will be essential to 
elaborate the significance of our findings. 

References 

1. Wood. R. E. 1990. Pitfalls in the use of the flexible bronchoscope in pe- 

diatric patients. C/?e5/ 97: 199-203. 

2. Barbato. A.. M. Magarotto, M. Crivellaro, A, Novello, Jr., A. Cracco. J. 

de Blic. R Scheinmann. J. O. Warner, and M, Zach. 1997. Use of the 
paediatric bronchoscope, flexible and rigid in 51 European centres. 
Eur. Respir.J. 10:1761-1766. 

3. Smith, D. L,. and R. D, Deshazo. 1993. Bronchoalveolar lavage in 

asthma: an update and perspective. Am. Rev. Respir. Dis. 148:523-532. 

4. Ratjen. F.. M. Bredendiek. M. Brendel, J. Meltzer. and U. Costabel. 

1994. Differential cytology of bronchoalveolar lavage fluid in normal 
children. Eur. Respir. J. 7:1865-1870. 

5. Riedler, J.. J. Grigg, C. Stone, G. Tauro. and C. F. Robertsoa 1995. 

Broncho^veolar lavage cellularity in healthy children. Aitl J. Respir. 
CWL Care. Med 152:163-168. , . 

6. Heaney. L. G.. E. C. Stevenson, G. Turner. I. S. Cadden, R. ta^or. M. D. 

Shields, and M. Ennis. 1996. Investigating paediatric airways by non- 
bronchoscopic lavage: normal cellular data. CUn. Exp, ABergyT&i 799- 
806. 

7. Mldulla, P.. A. Villani. R. MeroUa, L. Bjermer, T. Sandstrom, and R. 

Ronchetti. 1995. Bronchoalveolar lavage studies in children without 
parenchymal lung disease: cellular constituents and protein levels. Pe- 
diatr. PuJmonoJ.ZO-.nZ'llB. 

8. Stevenson, E. C. G. Turner, L. G. Heaney, B, C. Schock, R Taylor, T. 

Gallagher, M. Ennis. and M. D. Shields. 1997. Bronchoalveolar lavage 
- findings suggest two different forms of childhood asthma. Clin. Exp. 
/U/erg^. 27:1027-1035. 

9. Azevedo. I., J. de Blic, C. H. Dumarey, P. Scheinmann, B. B. Vargaftig. 

and M. Bachelet. 1997. Increased spontaneous release of tumour ne- 
crosis factor by alveolar macrophages from wheezy infants. Eur. Respir. 
J. 10:1767-1773. 

10. Ferguson, A. C. F. W, M. Wong. 1989. Bronchial hyper responsiveness 

in asthmatic children. Cfte5/ 96:988-991. 

11. Hein, J.. E. Martens, I. Bauer, P. Dorfling, J. Brock, H. U. Gumlzow. K. 

Breuel, and I. Rudolph. 1991. Die bronchoalveolare lavage (BAL): 
eine diagnostische methode bei chronischen unspezifischen broncho- 
pulmonalen erkrankungen im klndesalter? Z Erkrank. Aim. Org. 176: 
7-20. 

12. Ferguson. A. C., M. Whitelaw. and H. Brown. 1992. Correlation of bron- 

chial eosinophil and mast cell activaUon with bronchial hyperrespon- 
siveness in children with asthma. J. AUagy Clin Immunol. 90:609-613. 

13. MacKenzie. S. 1994. Cough, but is it asthma? Arch. Dis. Child. 70:1-2. 

14. Raine, J., and J. O. Warner. 1991. Fiberoptic bronchoscopy without gen- 

eral anesthesic. Arch. Dis. Chiid. 66:481-484. 

15. Ratjen, F., and J. Bruch. 1996. Adjustment of bronchalveolar lavage vol- 

ume to body weight in children. Pediatr. Pulmonol. 21:184-188. 

16. Walter, E. H., and P. V. Gardiner. 1991. Bronchoalveolar lavage as a re- 

search tool. rAo/ia;r 46:613-618. 

17. Pohunek, P.. H. PokomSi, and I. Striz. 1996. Comparison of cell profiles 

in separately evaluated fractions of bronchoalveolar lavage (BAL) 
fluid in children. Thorax 51:615-618. 

18. Klech. H.. and W. Phol, editors. 1989. Report of the European Society of 

Pneumology task group on BAL: technical recommendations and 
guidelines for bronchoalveolar lavage. Eur Respir. J. 2:561-585. 
19- Djukanovic. R.. W. R. Roche. J. W. Wilson, C. R Beasley, O. P. Twenty- 
man, P. H. Howarth, and S. T. Hoigate. 1990. Mucosal inflammation 
in asthma. Am. Rev. Respir. Dis. 142:434-454. 

20. Sibille, Y.. and F. X. Marchandise. 1993. Puhnonary immune cells in 

health and disease: polymorphonuclear neutrophils. Eur. Respir. J. 6: 
529-1543. 

21. Roller, D, Y., M. Grotz. I. Eichler, and R Urbonek. 1994. Eosinophilic 

activation in cysUc fibrosis. 77ro/ax 49:496-499. 



1540 



AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 1 59 1999 



22. Martinez, F. D.« A. L. Wright, L. M. Taussig. C. J. Holberg, M Halonen. 

W. J. Moi^gan. and the Group Health Medical Associates. 1995. Asthma 
and wheezing in the first six years of life. N. Engl. J. Med, 332:133-138. 

23. Booth, H.. I. Richmond. C. Ward, P. V. Gardiner. R Harkawat and 

E. H. Walters. 1995. Effect of high dose inhaled fluticasone propi- 
onate on airway inflammation in asthma. Am. J. Respir. Crit. Care 
Med. 152:45-52. 

24. Ratjen, R. M. Bredendielc, L. Zheng, M. Brendel. and U. Costabel. 1995. 

Lymphocyte subsets in bronchoalveolar lavage fluid of children with- 
out bronchopulmonary disease. Am. J. Respir. Crit Care Med. 152: 
174-178. 

25. Bardln, P. G.. D. J. Fraenkel. G. Sanderson, F. Lampe, and S. T. Hoi- 

gate. 1995. Lower airways inflammatory response during rhinovirus 
colds. Int. Arch. Allergy Immunol 107:127-129. 

26. Hegele, R. S. Hayashi, J. C. Hogg, and P. D. Pare. 1995. Mechanisms of 

airway narrowing and hyperresponsiveness in viral respiratory tract 
infections. Am. J. Respir. Crit Care Med. 151:1659-1665. 

27. Everard, M. L., A. Swarbrick, M. Wrightham, J. Mclntyre. C. Dunkley. 

P. D. James, H. F. Sewell, and A. D. Milner. 1994. Analysis of cells ob- 
tained by bronchial lavage of infants with respiratory syncytial virus 
infection. Arch. Dis. ChUd. 71:428-432. 

28. Buchanan, D. R.. O. Cromwell, and A. B. Kay. 1987. Neutrophilic che- 

motactic activity in acute severe asthma (status asthmaticus). Am. 
Rev. Respir. Dis. 136:1397-1402. 

29. Sur. S., T. B. Crotty, G. M. Kephart, B. A. Hyma. T. V. Colby. C. E. 

Reed, L. W. Hunt, and G. J. Gleich. 1993. Sudden-onset fatal asthma. 
Am. Rev. Respir. Dis. 148:713-719. 

30. Springer. C. A. Avital, N. Noviski, C. Maayan. L Ariel P. Mogle, and S. 

Godfrey. 1992. Role of infection in the middle lobe syndrome in 
asthma. Ardi Dis. ChUd. 67:592-594. 



31. Martinez. F. D. 1995. Viral infections and the development of asthma. 

Am.l Respir. Crit Care Med. 151:1644-1648. 

32. Hakansson. A.. I. Carlstedt. J. Davles. A. K. Nilsson. H. Sabharwal, and 

V. Svanborg. 1996. Aspects of the interactions of Streptococcus pneu- 
moniae and Haemophilus inffuenzaevAth human respiratoiy tract mu- 
cosa. Am J. Respir. Crit Care Med. 154(SuppL):S187-Sl91. 

33. Nagy, L., T. H. Lee. and A. B. Kay. 1982. Neutrophil chemotactic activ- 

ity in antigen induced late asthmatic reactions. N. Engl J. Med. 306: 
497-501. 

34. Hallahan, A. R., C L. Armour, and J. L. Black. 1990. Products of neu- 

trophils and eosinophils increase the responsiveness of human iso- 
lated bronchial tissue. Eur. Respir. J. 3:554-558. 

35. Khan, T. Z., J. S. Wagener. T. Bost. J. Martinez. F. J. Accurso, and 

D. W. H. Riches. 1995. Early pulmonary inflammation in infants with 
cystic fibrosis. Am. J. Respir. Crit. Care Med. 151:1075-1082. 

36. Armstrong. D. S., K Grimwood, R. Cardno, J. B. Carlin. A. OUnsky, and 

P. D. Phelan. 1995. Lower respiratoiy infection and Inflammation in in- 
fants with newly diagnosed cystic fibrosis. Br. Med. J. 310:1571-1572. 

37. Amon, S., J. Grigg, and M. Silverman. 1993. Pulmonary inflammatory 

cells in ventilated preterm infants: effect of surfactant treatment. 
Ardi. Dis. Child 69:44-48. 

38. Gronek, P., and C. P. Speer. 1995. Inflammatory mediators and bron- 

chopulmonary dysplasia. Arch. Dis. Child. 73:F1-F3. 

39. Littie. S.. T. P. Dean. S, Bevin. M. Hall. M. Ashton. M. Church. J. O. 

Warner, and J. Shute. 1995. Elevated plasma soluble ICAM-1 and 
bronchial lavage fluid IL-8 are markers of chronic lung disease in pre- 
mature infants. TTio/ar 50:1073-1079. 



